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Background and Hypothesis—Chronic ear infections are a common occurrence in children 
with orofacial clefts involving the secondary palate. Less is known about the middle ear status of 
individuals with isolated clefts of the lip, although several studies have reported elevated rates of 
ear infection in this group. The purpose of this retrospective study was to test the hypothesis that 
chronic ear infections occur more frequently in isolated cleft lip cases (n=94) compared with 
controls (n=183).
Methods—A questionnaire was used to obtain information on history of chronic ear infection. 
The association between ear infection status (present/absent) and cleft lip status (cleft lip case/
control) was tested using both chi-square and logistic regression.
Results and Conclusions—The reported occurrence of chronic ear infection was significantly 
greater in cleft lipcases (31%) compared to unaffected controls (11%). After adjusting for age and 
sex, having a cleft lip increased the odds of being positive for ear infection by a factor greater than 
three (OR=3.698; 95%CI=1.91–7.14). Within cleft lipcases, there was no difference in the 
occurrence of ear infection by defect laterality or by the type of clefting present in the family 
history. Although velopharyngeal insufficiency was present in 18.4% of our cleft lip sample, there 
was no statistical association between ear infection and abnormal speech patterns. These results 
may have potential implications both for the clinical management of isolated cleft lip cases and for 
understanding the etiology of orofacial clefting.
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INTRODUCTION
The association between chronic otitis media (OM) and orofacial clefts involving the 
secondary palate is well documented. Reported rates of OM in cleft lip and palate (CLP) and 
isolated cleft palate (CP) range from approximately 70% (Sheahan et al., 2003; Flynn et al., 
2009; Kwan et al., 2011; Chen et al., 2012) to well over 90% (Paradise et al., 1969; Dhillon, 
1988). There are several anatomical explanations for the association between palatal forms 
of clefting and the Eustachian tube dysfunction that leads to OM (reviewed in Kuo et al., 
2013); these include misalignment of the palatal muscles responsible for opening the tube 
and intrinsic deficiencies in the tissues comprising the Eustachian tube. Due to the high rate 
of recurrent OM in clefts involving the secondary palate, early intervention is recommended 
in order to prevent potential hearing loss (Bluestone, 2004; Gani et al., 2012).
The propensity for OM in isolated cleft lip (CL) is less well understood, with only a handful 
of previous studies reporting contradictory results. Both Sheahan et al. (2003) and Kwan et 
al. (2011) found little evidence of increase risk of middle ear problems in CL cases. In 
contrast, Paradise et al. (1969) reported that 22% of CL cases had abnormal eardrums, while 
33% had OM. Vallino et al. (2008) reported that 33% of their CL sample demonstrated OM, 
while 13% showed evidence of mild hearing loss. Most recently, Deedler et al. (2011) used 
questionnaires to assess acute OM in their patient population; they found that 32.5% of CL 
cases and 34% of CLA (cleft lip and alveolous) cases reported at least one instance of acute 
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OM, with the majority reporting two or more. Importantly, a sizable portion of this same 
CL/CLA sample reported speech deficits, including articulation and resonance problems. 
Thus, three independent studies using different methods of assessment have reported middle 
ear problems in approximately one-third of their CL cases. All three studies however failed 
to include a control group for comparison, so it is unclear if the reported rate in CL was 
outside of the normal range.
If CL cases are indeed at an increased risk for middle ear disease, this could have important 
implications for the clinical management of this less severe form of orofacial clefting. 
However, the potential implications for studies looking into the etiologic basis of orofacial 
clefting may be equally important. T he presence of middle ear problems, especially in 
concert with other markers of palatal dysfunction, could represent a sign of dysmorphology 
beyond the isolated lip( Vallino et al., 2008). In the present study, we test the hypothesis that 
the reported incidence of chronic ear infection will be higher in a sample of CL cases 
compared with healthy controls. Further, we will test the hypothesis that ear infection and 
velopharyngeal function are associated traits in CL cases.
MATERIALS AND METHODS
Information on ear infection status was available for 277 unrelated individuals: 94 probands 
with CL and 183 unaffected controls. Both cases and controls were limited to individuals of 
Caucasian ancestry (self-identified) age 18 years or younger. The mean age of the CL group 
was 7.4 years (±4.6), compared to 9.4 years ( ±5.2); this difference was statistically 
significant (p = 0.002). The CL group was comprised of58 males and 36 females, while the 
control group was comprised of 94 males and 89 females; the sex distribution did not differ 
statistically across the two groups (p > 0.05). CL cases were recruited as part of a large 
multi-center study of the genetics of orofacial clefting (Weinberg et al., 2006). Most were 
ascertained through either research registries or from populations served by craniofacial 
clinics. Cases were collected at six sites: Pittsburgh, Iowa City, Denver, St. Louis, Houston, 
and Budapest. A history of syndromic clefting was an exclusion criterion for cases. 
Unaffected controls with no prior personal or family history of craniofacial birth defects 
were recruited from the same general region as the cases, typically by targeted advertisement 
(e.g. flyers or news ads displayed throughout the communities where cases were seen), 
general research registries or word of mouth. Local ethics (IRB) approval was obtained at 
each collection site.
Following informed consent, both cases and controls were asked a series of questions about 
their health history. Since the individuals included in this study were under 18 years of age, 
at least one parent or guardian was present who was able to provide this information about 
their child. As part of this larger health survey, subjects or their parents were asked to report 
on their (or their child’s) history of chronic ear infections and treatments (medications and 
ventilation tubes).
For the purposes of statistical analysis, subjects were classified simply as positive or 
negative for a history of ear infection. As an initial step, simple 2x2 Fisher’s exact chi-
square test was performed to test for an association between ear infection status (present/
Ruegg et al. Page 3













absent) and cleft lip status (CL case/control). A logistic regression approach was then used 
to investigate whether cleft affection status was predictive of ear infection status. Both age 
and sex were entered in the logistic regression model in order to adjust for these potential 
confounders. By entering these predictors together in the model, the unique effects of 
affection status on ear infection status can be assessed after controlling for age and sex. 
Within the CL group, the proportion of ear infection was also compared between unilateral 
and bilateral CL cases. Further, by looking at the type of clefts present in additional family 
members (3rddegree relatives or closer) CL cases were assigned to a CL only family group 
(where only CL was present in the family history) or a CL/P family group (where some 
combination of CL and CLP was present) and the proportion of ear infection compared. 
These latter two comparisons were carried out using 2x2 Fisher’s exact chi-square tests.
To further investigate the possibility that subtle palatal or pharyngeal abnormalities might be 
present in our CL case sample, the degree of trait concordance between velopharyngeal 
insufficiency (VPI) and ear infection was assessed. Trained speech language pathologists 
evaluated VPI using the Pittsburgh Weighted Speech Score (Dudas et al., 2006). Subjects 
with a score of three or greater were considered to have clinical VPI. VPI scores were only 
available for a small subset of the CL case sample (N = 38). A Fisher’s exact chi-square test 
was conducted to evaluate the association between VPI (present/absent) and ear infection 
(present/absent).
Finally we examined the frequency of reported ear infection in an additional sample of 245 
individuals with clinically confirmed CLP derived from the same populations. The 
frequency of reported infection in CLP cases was compared to both CL cases and controls 
using Fisher’s exact chi-square tests.
All results were considered significant at p ≤ 0.05. All analyses were completed using the 
statistical software package SAS v9.2. (SAS Institute Inc., Cary, NC).
RESULTS
The results of each chi-square test are presented in Table 1. The reported occurrence of 
chronic ear infection was significantly greater in CL cases compared to unaffected controls 
(31% versus 11%, respectively; p < 0.001). This result was further confirmed with logistic 
regression (Table 2); after adjusting for age and sex, having a cleft lip increased the odds of 
being positive for ear infection by a factor greater than three (OR = 3.698; 95% CI = 1.91 –
7.14). The variables sex and age were not found to be independently predictive of ear 
infection in our dataset. Within CL cases, there was no difference in the occurrence of ear 
infection by defect laterality or by the type of cleft family group (CL only versus CL/P), 
although as expected the frequency in cases from CL/P families was slightly higher (39% 
versus 26%). Furthermore, although VPI was present in 18.4% of our CL sample, there was 
no statistical association between ear infection and VPI (i.e., there was no concordance 
between the two traits). CLP cases had a 68% (171/245) reported occurrence of chronic ear 
infection; this was significantly higher than the rate observed in both CL cases (p < 0.001) 
and controls (p < 0.001). All results remained statistically significant after adjusting for 
multiple testing.
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Our results show that individuals with nonsyndromic CL had a significantly higher reported 
rate of chronic ear infection than unaffected controls. The reported rate of ear infection in 
our CL sample was 31%. This figure is almost identical to the rate of OM reported in CL 
cases by previous studies( Paradise et al., 1969; Vallino et al., 2008; Deedler et al., 2011). 
While the observed rate of ear infection in our CL sample was high compared with controls, 
it was still greatly reduced compared to the very high rate generally associated with clefts 
involving the secondary palate (Paradise et al., 1969; Sheahan et al., 2003; Flynn et al., 
2009; Kwan et al., 2011; Chen et al., 2012). This was confirmed in our sample as well. Due 
to the universally high rate reported in CLP and CP, it was predicted that CL cases from 
families with a history of secondary palatal involvement (CL/P families) would have a 
higher rate of ear infection than CL cases from families where only CL was present; this 
pattern was observed, but the difference did not reach statistical significance. Echoing the 
concern of others (Vallino et al., 2008; Deedler et al., 2011), these results suggest that CL 
cases should be monitored closely for signs of OM and hearing loss.
One explanation for the elevated rate of ear infection in CL cases is Eustachian tube 
dysfunction resulting from altered development of the secondary palate and/or its associated 
musculature. In some cases this could be due to an undiagnosed submucous cleft palate. 
Gosain et al. (1999), for example, confirmed submucous cleft palate (visible or occult) in 
36% of their CL sample. In the absence of a definitive defect, another possibility is alteration 
of the size and shape of the hard and/or soft palate, the nasopharyngeal space, or the cranial 
base( reviewed in Ward et al., 2002). The lack of associated VPI in CL cases with ear 
infections would seem to cast doubt that intrinsic deficiencies in the palatal architecture are 
the root cause. However, VPI was only assessed at the time of participation in the study, 
meaning that in some individuals the speech problems may have resolved on their own or 
bee n mitigated by therapy earlier in life. Other studies have also failed to find a relationship 
between velopharyngeal function and middle ear status (da Silva et al., 2010). An alternative 
possible explanation is structural alteration of the Eustachian tube itself and its associated 
cartilages, which have been documented in cases of CP (reviewed in Bluestone, 2004). This 
could indicate a common etiologic basis for the CL and the morphological changes in the 
Eustachian tube-middle ear complex( Maguire et al., 2014). A rigorous and careful 
assessment of the soft palate status in our CL sample, in particular those cases demonstrating 
a history of OM or VPI or both, would allow for a more complete phenotypic picture to 
emerge and could help to determine whether subtle palatal defects might be implicated.
More comprehensive assessment of the phenotype is critical to studies on the genetic basis 
of clefting. The identification of potential palatal problems in cases of CL raises concerns 
about the classification used in genetic studies of the orofacial clefting. Although they did 
not occur together, this study found high rates of both ear infection and VPI in CL 
individuals with ostensibly structurally intact palates. These individuals may be etiologically 
more similar to CLP cases. This distinction is important as CL and CLP may have distinct 
genetic risk factors (Marazita et al., 2009; Ludwig et al., 2012), which could be obscured if 
the two groups are lumped together. Similar diagnostic uncertainty has been raised 
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previously with CP, where a subset of cases was found to possess subclinical upper lip 
defects identified via ultrasound (Weinberg et al., 2008).
The major weakness with the present study was the means of assessing ear infection. 
Information on ear infection was obtained via questionnaire only; no medical records were 
consulted and no physical examinations were conducted. In the context of this study, we 
were interested in the subject’s entire health history, as opposed to their present status. Prior 
studies have also used questionnaires to assess middle ear status (Sheahan et al., 2003; 
Deedler et al., 2011). This approach, however, is susceptible to recall bias. It is also probable 
that some instances of middle ear disease were missed in both cases and controls, due to the 
fact that OM may be present without symptoms. Our questionnaire simply asked about a 
history of chronic ear infection. Subjects with asymptomatic OM would have likely 
answered this question in the negative. We were also not able to make a distinction between 
subtypes of OM, such as recurrent acute OM and chronic OM with effusion, which may be 
important to ascertain in this population. It is worth noting, however, that the rate of ear 
infection in our CL sample is almost identical to that reported by three previous studies 
(Paradise et al., 1969; Vallino et al., 2008; Deedler et al., 2011). Further, using this same 
medical history questionnaire in a sample of case s with CLP (n = 245), roughly 70% 
reported a history of ear infections – a figure in line with many reported estimates for clefts 
involving the secondary palate( Sheahan et al., 2003; Flynn et al., 2009; Kwan et al., 2011; 
Chen et al., 2012). These findings suggest that recall bias and issues of disease definition did 
not have a major effect on our dataset.
Acknowledgments
This work was funded by grants from the National Institute of Dental and Craniofacial Research (R01-DE016148) 
and the Centers for Disease Control (R01-DD000295).
References
Bluestone CD. Studies in otitis media: Children’s Hospital of Pittsburgh-University of Pittsburgh 
progress report--2004. Laryngoscope. 2004; 114:1–26. [PubMed: 15514559] 
Chen YW, Chen KT, Chang PH, Su JL, Huang CC, Lee TJ. Is otitis media with effusion almost always 
accompanying cleft palate in children? The experience of 319 Asian patients. Laryngoscope. 2012; 
122:220–224. [PubMed: 22183637] 
da Silva DP, Collares MV, da Costa SS. Effects of velopharyngeal dysfunction on middle ear of 
repaired cleft palate patients. Cleft Palate Craniofac J. 2010; 47:225–233. [PubMed: 19860527] 
Deelder JD, Breugem CC, de Vries IA, de Bruin M, Mink van der Molen AB, van der Horst CM. Is an 
isolated cleft lip an isolated anomaly? J Plast Reconstr Aesthet Surg. 2011; 64:754–758. [PubMed: 
21146482] 
Dhillon RS. The middle ear in cleft palate children pre and post palatal closure. J R Soc Med. 1988; 
81:710–713. [PubMed: 3065499] 
Dudas JR, Deleyiannis FW, Ford MD, Jiang S, Losee JE. Diagnosis and treatment of velopharyngeal 
insufficiency: clinical utility of speech evaluation and videofluoroscopy. Ann Plast Surg. 2006; 
56:511–517. [PubMed: 16641626] 
Flynn T, Möller C, Jönsson R, Lohmander A. The high prevalence of otitis media with effusion in 
children with cleft lip and palate as compared to children without clefts. Int J Pediatr 
Otorhinolaryngol. 2009; 73:1441–1446. [PubMed: 19709760] 
Gani B, Kinshuck AJ, Sharma R. A review of hearing loss in cleft palate patients. Int J Otolaryngol. 
2012; 2012:548698. [PubMed: 22518157] 
Ruegg et al. Page 6













Gosain AK, Conley SF, Santoro TD, Denny AD. A prospective evaluation of the prevalence of 
submucous cleft palate in patients with isolated cleft lip versus controls. Plast Reconstr Surg. 1999; 
103:1857–1863. [PubMed: 10359245] 
Kuo CL, Lien CF, Chu CH, Shiao AS. Otitis media with effusion in children with cleft lip and palate: a 
narrative review. Int J Pediatr Otorhinolaryngol. 2013; 77:1403–1409. [PubMed: 23931986] 
Kwan WM, Abdullah VJ, Liu K, van Hasselt CA, Tong MC. Otitis media with effusion and hearing 
loss in Chinese children with cleft lip and palate. Cleft Palate Craniofac J. 2011; 48:684–689. 
[PubMed: 21271799] 
Ludwig KU, Mangold E, Herms S, Nowak S, Reutter H, Paul A, Becker J, Herberz R, AlChawa T, 
Nasser E, Böhmer A, Mattheisen M, Alblas MA, Barth S, Kluck N, Lauster C, Braumann B, Reich 
RH, Hemprich A, Pötzsch S, Blaumeiser B, Daratsianos N, Kreusch T, Murray JC, Marazita ML, 
Scott AF, Beaty TH, Kramer FJ, Wienker TF, Steegers-Theunissen RP, Rubini M, Mossey PA, 
Hoffmann P, Lange C, Cichon S, Propping P, Knapp M, Nöthen MM. Genome-wide meta-analyses 
of nonsyndromic cleft lip with or without cleft palate identify six new risk loci. Nature Genetics. 
2012; 44:968–971. [PubMed: 22863734] 
Marazita ML, Lidral AC, Murray JC, Field LL, Maher BS, McHenry TG, Cooper ME, Govil M, 
Daack-Hirsch S, Riley B, Jugessur A, Felix T, Moreno L, Mansilla MA, Vieira AR, Doheny K, 
Pugh E, Valencia-Ramirez C, Arcos-Burgos M. Genome scan, fine-mapping, and candidate gene 
analysis of non-syndromic cleft lip with or without cleft palate reveals phenotype specific 
differences in linkage and association results. Human Heredity. 2009; 68:151–170. [PubMed: 
19521098] 
Maguire S, Estabel J, Ingham N, Pearson S, Ryder E, Carragher DM, Walker N, Sanger MGP, Bussell 
J, Chan WI, Keane TM, Adams DJ, Scudamore CL, Lelliott CJ, Ramírez-Solis R, Karp NA, Steel 
KP, White JK, Gerdin AK. Slc25a21 Project Team. Targeting of Slc25a21 is associated with 
orofacial defects and otitis media due to disrupted expression of a neighbouring gene. PLoS One. 
2014; 9:e91807. [PubMed: 24642684] 
Paradise JL, Bluestone CD, Felder H. The universality of otitis media in 50 infants with cleft palate. 
Pediatrics. 1969; 44:35–42. [PubMed: 5795401] 
Sheahan P, Miller I, Sheahan JN, Earley MJ, Blayney AW. Incidence and outcome of middle ear 
disease in cleft lip and/or cleft palate. Int J Pediatr Otorhinolaryngol. 2003; 67:785–793. [PubMed: 
12791455] 
Vallino LD, Zuker R, Napoli JA. A study of speech, language, hearing, and dentition in children with 
cleft lip only. Cleft Palate Craniofac J. 2008; 45:485–494. [PubMed: 18788866] 
Ward, RE., Moore, ES., Hartsfield, JK. Morphometric characteristics of subjects with oral facial clefts 
and their relatives. In: Wyszynski, D., editor. Cleft Lip and Palate: From Origin to Treatment. 
Oxford: Oxford University Press; 2002. p. 66-86.
Weinberg SM, Brandon CA, McHenry TH, Neiswanger K, Deleyiannis FW, de Salamanca JE, Castilla 
EE, Czeizel AE, Vieira AR, Marazita ML. Rethinking isolated cleft palate: Evidence of occult lip 
defects in a subset of cases. Am J Med Genet Part A. 2008; 146A:1670–1675. [PubMed: 
18536047] 
Weinberg SM, Neiswanger K, Martin RA, Mooney MP, Kane AA, Wenger SL, Losee J, Deleyiannis F, 
Ma L, De Salamanca JE, Czeizel AE, Marazita ML. The Pittsburgh Oral-Facial Cleft Study: 
expanding the cleft phenotype. Background and justification. Cleft Palate Craniofac J. 2006; 43:7–
20. [PubMed: 16405378] 
Ruegg et al. Page 7

























Ruegg et al. Page 8
Table 1
Tests of association between chronic ear infection and phenotypes of interests in CL cases.
Ear Infection
Comparison Present Absent Chi-Square p
By affection status
 CL case(n = 94) 29 (31%) 65 (69%) 16.928 < 0.001
 Control(n = 183) 20 (11%) 163 (89%)
By CL case laterality
 Unilateral(n = 85) 28 (33%) 57 (67%) 1.818 0.27
 Bilateral(n = 9) 1 (11%) 8 (89%)
By cleft family type
 CL only(n = 66) 18 (26%) 48 (74%) 1.330 0.33
 CL/P(n = 28) 11 (39%) 17 (61%)
By VPI status*
 VPI present (n = 7) 3 (43%) 4 (57%) 0.505 0.66
 VPI absent (n = 31) 9 (29%) 22 (71%)
*
VPI scores only available for 38 CL subjects
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